Schottky barrier electroreflectance spectra are reported for GaSb from 0.6 to 26 eV. Accurate energies are determined for a number of critical points between the sp3 and Ga−3d valence bands and the conduction bands. The energy of XV7 is shown to lie at least 3 eV below ΓV8. This is below the value obtained from local pseudopotential calculations and the x-ray photoemission assignments, but follows a trend previously established by nonlocal pseudopotential calculations for Ge and GaAs. The Ga 3d-XC6 exciton binding energy is of the order of 100 meV. 
I. INTRODUCTION
GaSb is an interesting material with respect to solid-state spectroscopy and energy-band theory. The lack of inversion symmetry leads to a much richer optical spectrum than for its closest group-IV counterpart Ge. Because the spin-orbit splitting of Sb is large, the critical-point structures tend to be spread out so that the major singularities are observed with less overlap than with other members of the III-V family. It is therefore possible to obtain a number of critical-point energ ies to high accuracy.
GaSb should consequently provide an excellent test of recently developed nonlocal pseudopotential methods, ' ' which have calculated very successfully the energy bands of Ge and GaAs over a wide range of photon energies. Of particular interest will be the capability of these techniques to deal with exchange, correlation, and relativistic effects which are substantially more important in GaSb than in other materials to which they have been applied.
The primary purpose of this work is to obtain accurate energies for interband critical points in GaSb. Critical points measured include not only those from the sP' valence bands, but also from the Ga 3d core levels located approximately 19 eV below the top of the sp' valence bands. The Schottky barrier electroreflectance (ER) method" was used. Its sensitivity enabled us to resolve some new critical-point features. The identification of several of these cannot be made with the presently available information, which emphasizes further the need for an accurate energy-band calculation.
The outline of the paper is as follows: Experimental critical-point energy to the positive peak on the ER spectrum. Fig. 4 . In order to better resolve weak transitions appearing only as shoulders of stronger transitions, a higher-field ER syectrum (g, =240 kV cm ') was differentiated numerically twice with respect to energy. The result is shown in Fig. b .
We consider first the dominant spectral features seen in Fig. 4 . The E, '+6, '+~, " similarity to the corresponding structure in GaP, at 9.38+ 0.1 eV in that material. Thus the conduction-band d-like bonding levels lie substantially lower in GaSb. The spin-orbit-split structure expected from I'~7 is absent, probably because of the small density of states from the small spin-orbitsplit hole mass.
The remaining structures in this energy range are relatively broad, and probably occur in regions of low symmetry.
No structures were observed in the energy range from 12 eV to the onset of core-level txansitions near 20 eV. This was due to the facts that the structure is broad even under the best of conditions, and that the fields obtained even at maximum possible modulation were relatively low. Figure 9 shows in expanded form the critical-point structures between the spin-orbit-split j =-, ' and j ==, core levels, and the X, conduction-band relative minimum. No evidence is seen for a critic31-point structure between the core levels and the I'~6 conduction-band absolute minimum, but this is expected from matrix element considerations. '0 In general, the core-level spectra of QaSb are more highly structured than those of QaP and GaAs, with more overlap between structures. This is not surprising in view of the downshift of the energies of all features of the sp' valence-conduction-band critical-point spectrum, which places more local conduction-band extrema within the ex- 
